on oral penicillin in infants. Both showed that adequate and sustai blood penicillin levels could be obtained in this way. Since then a number of other favourable reports have appeared (Markowit and Kuttner, 1947; Hoffman, Hofer, and Gordon, 1948; Lapin, 1948; Suchett-Kaye and Latter, 1947) . Early invesigations had shown (Florey, M. E., and Florey, H. W., 1943; Abraham, Chain, Fletcher, Gardner, Heatley, Jennings, and Florey, 1941; Rammelkamp and Keefer, 1943 ) that with adults a proportion of the penicilln given by mouth was absorbed, but that this was small Later investigations have shown that with very high doses of penicillin given orally, a reasonable blood level can be maintained in adults. McDermott et aL (1945) stated that about 20 per cent. of the penicillin given orally to adults was excreted in the urine, whereas following intramuscular penicillin about 60 to 70 per cent. was excreted. They conclude that since about one-third of the oral penicillin is absorbed, in order to reach comparable blood levels the oral dose must be at least three times the intramuscular dose, and, to cover those cases in which the absorption is less than 33 per cent., it is better to give five times as much. Seeberg et al. (1946) have similarly shown that in cats urinary excretion is five times greater after intramuscular than oral penicilin with equivalent amount. They further showed that the duodenum and small intestin were the areas of greatest absorption, and the colon the area of greatest destruction of penicillin. Two (1948) obtained higher levels with trisodium citrate buffered penicilin than 'with unbuffered penicilln, whereas in infants buffering made no difference to the levels. They found that when penicillin was incubated in vitro with the gastric juice of infants there was little destnrcion of penicillin, whereas almost complete destruction occurred when the gastric juice of children was substituted. They ascribed this difference to the greater acidity of the latter. It has been noted, however, that higher levels are obtained when peniciln is given before meals. Reisman et al. (1947) found no difference between pnicillin in saline and buffered picilin in children, but noted that levels were best when penicillin was given half an hour before or three hours after a meal. Markowits and Kuttner (1947) At the end of one hour and of three hours, no blood levels were below 0-062 units per ml., whereas at the end of four hours, six out of twenty-four levels were below 0-062 units, and of these two were zero readings.
The most fiequent level attained at the end of the first hour was 0-5 units. There is a slight shift to lower levels at the end of three hours, and at the end of fourhours this shift is very marked. In all thee groups there is an occasional high blood level, which gives an unduly high result to the arithmetic Second Series. This comprised twenty-nine cases and fifty-seven blood levels were determined. The dose given was 5,000 units per lb. birth weight in twenty-four hours.
Having shown that the very large dose of 120,000-160,000 units in twenty-four hours will give high blood levels, the attempt was made to determine whether adequate levels could be obtained with smaller doses. It was therefore decided to give 5,000 units per lb. in twenty-four hours divided into three-or four-hourly doses as required. Since in adults, 1,000 units per lb. in twenty-four hours by intramuscular injection gives adequate blood level, it might have been expected that an oral dosage of 5,000 units per lb. in twenty-four hours would give adequate blood levels in infants. The total dose per twenty-four hours was made up, and 1 ml. given either three-or four-hourly, before feeds, as in the firt series. Blood was removed for estimation, one hour, three hours, and -four hours afterwards as before. The results are shown in table 2.
It will be seen that compared with the higher dose the blood levels are more erratc. At the end of one hour, about one-third were below 0-062 and three-quarters of the levels were at or below 0-125 units per ml.; whereas in the first series the corresponding figures are none below 0-062, and about one-fifth at or below 0-125 units per mL At the end of three hours in the second series about one-quarter were below 0-062 units, and over two-thirds at or below 0-125 units; whereas in the fig. I where an oral dose of 20,000 units is compared with the same amount given intramuscularly. Again, an oral dose of 5,000 units per lb. in twenty-four hours gives better levels than 1,000 units per lb. in twenty-four hours given intamuscularly.
Various reasons have been advanced to account for this discrepancy between infants and older children. In an attempt to determine whether our results would throw any further light on the problem of factors influencing blood levels, we divided our cases into those showing 'high', ' average', and 'low' blood levels. The division was purely arbitrary and is shown in fig. 2 . Where a case had fifteen were 'average,' and fourteen were 'high' In the second series of a total of twenty-nine cases, twelve blood levels were ' low,' nine were 'average', and eight were 'high. ' The results were then analysed for the clinical factors of age (table 5) , fluid intake, prematurity, and dosage to see if there were any significant and constant differences between the three groups.
In infants under forty-eight hours most give high penicillin blood levels; in the infants under seven days there is a slight preponderance in the high level group; in infants between eight and fourteen days there is a much greater preponderance in the low level group. The number of infants over foUren days old is small but results indicate an approximately equal distribution in all three groups.
The fluid intake was ascertained on the same day that the penicillin was started and the day before the penidllin level was estimated. Table 6 shows the number of results falling into each group.
Of the infants eight days of age or over, five had a fluid intake of less than 2 oz. per lb. birth weight in twenty-four hours, while twenty-seven had a fluid intake of 2 oz. or over (see table 6a ).
These results show a tendency for low fluid intake to be associated with high blood levels and vice versa. In the first series the dose per lb. per twenty-four hours varied between 13,000 and 40,000 units (see table 8 ).
ARCHVES OF DISEASE IN CHILDHOOD SERI ES
The low levels encountered with doses of 20,000 units per lb. in'twenty-four hours occurred in infants of eight days or over and with a fluid intake of 2 oz. per lb. birth weight in twenty-four hours or more.
Other factors considered included the simultaneous use of sulphonamides, the previous use of intramuscular penicillin, and the presece of gastroenal upwas no evidence in our series that any of them had any effect on the blood klvels. In six cases where intramular piciin had previously been given it had been stopped at least thirty-six hours before the oral blood level was estimadted were no gastro-intestinal upsets Oedema was present in only three infants. Of tese, two had high blood lwvels and one average. Jaunde was described as deeper than normal in two ca, both with ' hig' levels.
Vario. wI Age in Pemkidlin Blood Leels In disussing the variation of epnidllin blood levels with age two chief points of interest aris; (1) Why are better and more consistent blood leve attained with oral penicilin in infants than in adults, and (2) at what age do the results become less satisfactory. Husson (1947) in recording the blood levels following the administration of oral icillin to infants between the ages of one week and five months, has discussed some possible reasons for the highr blood kvels in infants compared with older children and adults. The second point was not investigated, as our cases are confined to the neonatal period. As for the fist point, the following reasons have been postulated. (1) The lower gastric acidity in infants ght mean that less penilin was destroyed. We have done no gastrc analyss, but our results show a definite tendency for blood levels to be higher in the first week of life than later; according to Miller (1941) , gastic acidity in infants is high on the first day, falls to a low level on the eighth to tenth day, and slowly rises thereafter. In our series, therefore, higher blood levels are obtained when gastric acidity is high; this is the reverse of the expected effect. This Penicillinase-producing organisms in the intestine are probably less frequent in the first day or two of life. Our series does suggest that in the very early days of life (i.e. during the first forty-eight hours) when the large intestine is relatively sterile, higher blood levels are attained. The question of age in our series, however, is very closely correlated with a low fluid intake, as shown in table 6. Variation in fluid intake might account for the differences between infants under forty-eight hours and those after the first week, but obviously could not account for the differences between infants and older children (tables 2 and 4).
Poor renal function in infants with consequent diminished excretion has been suggested as a possible factor. The level of penidllin in the blood after intramuular injection appears to be reduced as rapidly by renal excretion in the infant as it is in the adult; in other words, the blood level curve obtained is essentially similar. This suggests that renal function is not an important factor. It is interesting to note that in our series there seemed to be little or no relation between oedema and blood level variation.
Liver function has not to our knowledge been shown to bear any relation to penicillin blood levels in infants or adults, but this point might be worth investigating further in the newborn.
On our small series, therefore, we consider that one important factor causing differences in penicillin blood level during the neonatal period is fluid intake. Increased absorption from the inlestine, possibly due to the relative absence of penicillinaseproducing organisms in the first month of life, may account for higher blood levels in the newborn compared with older children and adults.
Incations for Treatment The cases treated fell into three main groups, (1) skinr sepsis of varying degrees of severity, (2) upper respiratory infection including otitis media, and, (3) prophylactic treatment for ateletasis. There was no definite correlation between the rate of healing of lesions and the penicillin blood level, but it should be noted that no cases of severe generalized infection were treated by this method. Treatment with oral penicillin was found satisfactory for the rather limited sphere in which it was used.
No definite toxic effects were observed. Only one baby vomited whilst on penicillin, and he had been vomiting slightly before treatment was started. One infant developed a rash, but he was also on sulphadiazine and the rash-cleared on stopping the latter. It may be mentioned that the nursing staff 
